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See page 7 
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—$————>4| HE Supplement to the present issue of the JouRNAL 


| discusses in a popular manner the exhibit in the 
| Hall of Fossil Vertebrates, illustrating the evolu- 
tion of the Horse. The leaflet has been prepared 
by Dr. W. D. Matthew, Associate Curator of the 
Department of Vertebrate Palzontology, and is the first in the 
series of guide leaflets pertaining to the evolution of the fossil 
mammals as illustrated by the collections in the American 
Museum. Leaflets descriptive of other groups of fossil verte- 
brates are in course of preparation and will be issued as rapidly 
as circumstances permit. The study of fossil Horses at this 
Museum has been greatly extended and facilitated by the Wil- 
liam C. Whitney fund,*now beginning the third year of its 
usefulness. 








DEPARTMENT OF VERTEBRATE PALASONTOLOGY. 
SECOND COPE COLLECTION. 


THREE years ago President Jesup presented to the Museum 
the collection of fossil fish, amphibians and reptiles brought 
from Kansas, Colorado, Wyoming, Montana, Texas and other 
portions of the great Rocky Mountain district between 1868 and 
1896, by Professor Edward D. Cope. There has been some delay 
in completing the final negotiations with the executors of Pro- 
fessor Cope’s estate for the purchase of this and the Pampean 
Collection, but now fortunately the collections are available for 
immediate exhibition and description. This ranks as one of the 
most important events in the history of science in this city, since 
it gives the American Museum the same pre-eminence as to the 
older forms of vertebrates which it has held as to fossil mammals 
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since the acquisition in 1895 of the Cope Mammal Collection, 
and as to fossil invertebrates for many years by the possession of 
the James Hall Collection. 

This new collection of reptiles, et cetera, covers the history of 
vertebrate life upon the American continent for a period esti- 
mated by geologists at seventeen millions of years. It contains 
animals of all kinds, terrestrial, fresh-water and marine, from the 
primitive fish of the Devonian period and the earliest air-breathers 
of the Red Beds of Texas, to the great horned and hornless Di- 
nosaurs of the Upper Cretaceous and the small reptiles of Tertiary 
time which are the ancestors of the reptiles of the present day. 
Among the fishes are found some of the types upon which Cope 
based his re-classification of the group. The amphibia from the 
Permian or Red Beds are the most ancient of land vertebrates. 
They vary in size from that of a salamander to a large alligator 
with broad, flat heads. Associated with these forms are the 
most ancient types of Lizards, related to the ancestors of the 
Dinosaurs. 

From the chalk beds of Kansas and eastern Colorado there 
are many specimens of the Mosasaurs which inhabited the 
mediterranean sea occupying that part of America during the 
Cretaceous period. Among these are many of the types used by 
Professor Cope in his description of species. A nearly complete 
skeleton, more than forty feet in length, of the long-necked 
Plesiosaur recalls one of the historic controversies between Pro- 
fessor Marsh and Professor Cope. The former gentleman suc- 
ceeded, as is now known, in demonstrating that the latter had 
placed the head of this animal upon the end of its tail. 

From the Upper Cretaceous or Laramie, besides one of Pro- 
fessor Cope’s types of horned Dinosaurs there is a magnificent 
skeleton of Hadrosaur known as Diclonius mirabilis, the bones of 
which are in an unusually fine state of preservation. This speci- 
men will be mounted free of the matrix, and it is of such large 
proportions (thirty-eight feet in length) that it will be even more 
imposing than the famous Iguanodons in the Museum at Brus- 
sels, to which it is somewhat closely related. 

The finest specimen from the Jurassic is Cope’s type of the 


4 














THE AMERICAN MUSEUM JOURNAL 


great Sauropod, Camarasaurus, the ‘‘Chambered-Dinosaur,’’ so 
called from the great cavities in its vertebrae. This is the greater 
part of the skeleton of an animal about seventy feet in length, 
and it is hoped, with the aid of other material now in the Mu- 
seum, that it will be possible soon to place on exhibition a com- 
plete mounted skeleton of this, the largest of known quadrupeds. 

The cases in the new East Corner Wing of the Museum are 
now being put in order for the reception of this collection; and 
two preparators are working under Mr. Hermann’s direction es- 
pecially upon the Hadrosaur and the Camarasaur, so as to hasten 
forward these exhibits. 





EXTINCT SABRE-TOOTH TIGER, SMILODON ; SKELETON IN COPE PAMPEAN COLLECTION 


RESTORATION BY WOLFF 
THE PAMPEAN COLLECTION. 
Presented to the Museum by several of the Trustees. 
This collection, representing the Pleistocene fauna of South 
America, includes three series of specimens, brought together by 
Ameghino, Larroque and Brachet and sent by the Argentine Re- 


public to the Paris Exposition of 1878. Professor Cope was so 
captivated by this collection that he purchased it outright, and 
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brought it to this country. For more than twenty years it re- 
mained packed away out of sight, in the cellar of Memorial Hall 
in Fairmount Park, Philadelphia. The Museum has acquired 
the collection through the generosity of H. O. Havemeyer, Wil- 
liam E. Dodge, D. Willis James, Adrian Iselin, Henry F. Osborn 
and the late James M. Constable. 

It includes a very full representation of the Pleistocene fauna 
of South America, especially of the large Edentates, Glyptodon, 
Lestodon and Scelidotherium. There are also numerous remains 
of Toxodon. Altogether there are in the collection six or seven 
skeletons of these rare animals which are so nearly complete that 
they may be mounted. The gem of the collection is a skeleton 
of the Sabre-toothed Tiger, belonging to the genus Smulodon. 
This superb specimen lacks only the forefeet, which will be sup- 
plied from casts taken from the skeleton in the Museum of 
Buenos Aires. It is now being mounted by Mr. Hermann for 
immediate exhibition. 

The two collections together embrace about 4000 specimens 
and include a large number of Professor Cope’s types. 





THE ESKIMO COLLECTION FROM HUDSON BAY. 


URING the month of October the Museum received 
an interesting collection made among the Eskimo 
tribes of Hudson Bay and adjacent territory by 
Captain George Comer, who sent a valuable Es- 
kimo collection to the Museum two years ago. 

The special interest of the new collection centres in material 
collected from places that are very difficult of access, and that 
have not been visited by white men for a very long period. One 
of the tribes represented is that of Igloolik, a village in the ex- 
treme northern part of Fox Channel (see map page 7). This 

place was visited by Parry in 1822. Since that time only a 

single white man has visited the region. The other collection is 

from the tribe inhabiting the most northern part of the American 
continent northwest of Hudson Bay. This tribe was first visited 
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by Sir John Ross in 1830. Later the ships commanded by Sir 
John Franklin were crushed by the ice near the coasts inhabited 
by this tribe, and the whole crew perished in their territory. 
Ever since that time the Eskimo of this district have utilized the 
copper and brass which they found on the lost ships to make 
their kettles, knives and other implements. In the collection 
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MAP OF NORTHERN PART OF NORTH AMERICA, SHOWING REGIONS REPRESENTED IN THE 
ETHNOLOGICAL COLLECTIONS IN THE MUSEUM 


made by Captain Comer there are a great many objects which are 
made of metal obtained from Sir John Franklin’s ships. 

Perhaps the most interesting of all the specimens in the col- 
lection is a shaman’s coat, which is figured on page 2. The coat 
is made of caribou skin, and ornamented with figures cut out of 
the white skin from the foot of the caribou. It is the only known 
specimen of a shaman’s coat used by an Eskimo, and it is inter- 
esting because it resembles in many details the shamans’ coats 
used by the tribes of northeastern Siberia. The circles and the 
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alternating stripes of black and white fur are very much like the 
decorations used by the Chukchee and Koryak, and it is very 
suggestive to find a specimen of this make so far away from the 
coast of Asia. It may indicate an early and long forgotten 
connection between the tribes of this region and those of Siberia. 
Captain Comer received a full explanation of the significance 
of the various figures on the coat. The two hands signify that 
no supernatural being can touch the shaman, and the bears at 
the top of the back of the coat represent the guardian spirits of 
the owner, while the figure of an infant shown over the hands 
calls to mind a vision which the shaman had when he received 
his supernatural power. 

Many of the implements and games collected in Igloolik rep- 
resent new types. They somewhat resemble in form the speci- 
mens obtained from the northeastern coast of Baffin Land. 
Evidently there is a considerable amount of intercourse between 
Igloolik and that region. 

Among the specimens from the region northwest of Hudson 
Bay are several dresses which are covered with amulets. Ona 
boy’s coat we find attachments of bear-teeth and pieces of rabbit- 
fur and of seal-skin, all of which are intended to secure good luck 
for the owner. The rabbit-skin is intended to make him tread 
softly, so that the deer will not hear his approach. The bit of 
seal-skin will enable him to become a good boatman, and prevent 
his capsizing in bad weather. Engraved bone implements from 
this tribe are of interest, also, because they are perhaps the first 
specimens of engravings obtained from the region, although it 
has been known for a long time that the Eskimo of Alaska are 
very expert etchers and engravers. In this the Alaskan Eskimo 
differ greatly from the eastern Eskimo, who are expert carvers, 
but who, it would seem, did not do any engraving before the 
advent of the whites. It is therefore of some interest to find this 
art fairly well developed as far east as Hudson Bay. 

Captain Comer also made a small collection of specimens from 
Southampton Island. The tribe inhabiting this island is re- 
markable on account of its primitive character. They still con- 
tinue to use the bow and arrows with flint points. They make 
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their knives of bone of the whale. For hunting whales and 
walrus they use harpoons with flint points, and drags made of 
whalebone and covered with seal-skin. 

The acquisition of this collection supplements the Eskimo 
collections of the Museum in a most desirable manner. With 
our previous purchases and expeditions the culture of the Eskimo 
of Smith Sound, of Baffin Land, of the west coast of Hudson 
Bay and of Alaska, was represented in the Museum. Captain 
Comer’s collection fills in the gap between the collections from 
Hudson Bay and those from Baffin Land, and adds a link in the 
long interval between Hudson Bay and Alaska, which is so diffi- 
cult of access, and which is not represented in the Museum. 
During the past year a collection was also received from the 
Siberian Eskimo, made by Mr. Waldemar Bogoras while he was 
engaged in researches for the Jesup North Pacific Expedition. 
It remains now to obtain collections from the southern part of 
West Greenland and from East Greenland, from Labrador, and 
from the regions east of Mackenzie River, in order to represent 
adequately the whole culture of the Eskimo tribes. 





THE MUSEUM’S FIN-BACK WHALE. 





eS November 22 a report came that two whales, a 
| ome very large female and a small male, were stranded 
on the beach near the Forked River Life-Saving 
Station, Forked River, N. J. Messrs. Sherwood 
and Figgins of the Museum were sent at once to 
investigate the matter and to secure the skeletons and other 
material of interest. The party found that the female was a 
magnificent specimen measuring 67 feet 6 inches in length and 
about 30 feet in circumference. The length of the lower jaw was 
14 feet 7 inches, that of the pectoral fin was 3 feet, and the caudal 
fin, or tail, was 12 feet 4 inches from tip to tip. There were 375 
plates of baleen, or “‘ whalebone,” on each side of the upper jaw. 
The skin of the ventral surface formed about eighty longitudinal 
folds. The color was slatey blue on the back, and white with 
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some blue markings below. The male was a very young one, 
only 16 feet long, but closely resembled the female, which evi- 
dently was its mother. The fact that the skeleton was incom- 
pletely ossified indicated the immature condition of the animal. 
The hard parts of both whales were obtained and cached for 
future attention. 

These individuals belong to the group of whalebone whales 
and to the genus Balenoptera. Probably they are specimens of 
B. musculus, which is the most common whale of temperate cli- 
mates. Whalers know this species as the ‘‘Finner” or “ Fin- 
back,” and do not prize it, on account of the small amount of 
blubber and the small size of the whalebone which it carries. In 
the large specimen here mentioned the longest plate of whale- 
bone was only 2 feet long, while in the Right Whale it is often 12 
feet in length. 

Whales, probably, are descendants of terrestrial mammals 
which have assumed an aquatic existence, a change of life which 
has been accompanied by remarkable modifications in the struc- 
ture of the animals. Some organs have become highly special- 
ized, while others have completely degenerated. Teeth, which 
are a characteristic feature of land mammals, are entirely lacking 
in the adult Fin-back, their place being taken in part by the 
whalebone. The forelimbs have ceased to be appendages of 
locomotion and have become mainly balancing organs. They 
resemble the pectoral fins of fish, although they still retain the 
structural plan of the mammalian forelimb. The hindlimbs and 
pelvis have disappeared entirely externally, and internally are 
represented only by two nodules of bone. The whale, in fact, is 
one of the best examples known illustrating the influence of 
environment in the modification of structure. 





RECENT PUBLICATIONS. 


The- following articles of Vol. XVI (1902) of the Museum 
“Bulletin” have been issued since April 23, completing the 
volume: 


Io 














THE AMERICAN MUSEUM JOURNAL 


Nomenclatorial Notes on American Mammals. By J. A. 
Allen. 10 pages. 

American Eocene Primates, and the Supposed Rodent Family 
Mixodectide. By Henry Fairfield Osborn. 46 pages, 40 text 
illustrations. 

List of Mammals Collected in Alaska by the Andrew J. Stone 
Expedition of r9g01. By J. A. Allen. 16 pages. 

List of Birds Collected in Alaska by the Andrew J. Stone 
Expedition of r901. By Frank M. Chapman. 18 pages. 

A Preliminary Study of the South American Opossums of 
the Genus Didelphis. By J. A. Allen. 32 pages. 

New Canidz from the Miocene of Colorado. By W. D. 
Matthew. to pages, 4 text illustrations. 

A Horned Rodent from the Colorado Miocene. With a Re- 
vision of the Mylagauli, Beavers and Hares of the American Ter- 
tiary. By W. D. Matthew. 20 pages, 17 text illustrations. 

The Skull of Hyptsodus, the Smallest of the Artiodactyla, with 
a Revision of the Hypertragulide. By W. D. Matthew. 6 
pages, 4 text illustrations. 

List of the Pleistocene Fauna from Hay Springs, Nebraska. 
By W. D. Matthew. 6 pages. 

Boring Algze as Agents in the Disintegration of Corals. By 
J. E. Duerden. 10 pages, 1 plate. 

Martinique and St. Vincent; a Preliminary Report upon the 
Eruptions of 1902. By Edmund Otis Hovey. 40 pages, 1 text 
illustration, 18 plates. 

Mammal Names Proposed by Oken in his ‘‘Lehrbuch der 
Zoologie.’”” By J. A. Allen. 8 pages. 

Descriptions of Some Larve of the Genus Catocala. by Wil- 
liam Beutenmiller. 14 pages. 

The Earlier Stages of Some Moths. By William Beutenmil- 
ler. 4 pages, 1 plate. 

Notice of a New Genus of Marine Algz, Fossil in the Niagara 
Shale. By R. P. Whitfield. 2 pages, 1 plate. 

On Jurassic Stratigraphy on the West Side of the Black Hills. 
—Second Paper on American Jurassic Stratigraphy. By F. B. 
Loomis. 8 pages, 2 plates. 


II 





THE AMERICAN MUSEUM JOURNAL 


A New Caribou from Ellesmere Land. By J. A. Allen. 4 
pages, 2 text illustrations. 

Descriptive Catalogue of the Noctuidae Found within Fifty 
Miles of New York City. Part I]. By William Beutenmiller. 
46 pages, 4 plates. 

The Hair Seals (Family Phocidz) of the North Pacific and 
Bering Sea. By J. A. Allen. 41 pages, 1o text illustrations. 


Other publications issued during the year have been: 

Bulletin, Vol. XV, part I. The Eskimo of Baffin Land and 
Hudson Bay. By Franz Boas. . 370 pages, 172 text illustra- 
tions, 4 plates. 

Bulletin, Vol. XVII, part Il. Maidu Myths. By Roland B. 
Dixon. 86 pages. 

Bulletin, Vol. XVIII, part I. The Arapaho. By Alfred L. 
Kroeber. 150 pages, 46 text illustrations, 31 plates. 

Memoirs, Vol. VI. The Night Chant, a Navaho Ceremony. 
By Washington Matthews. 332 pages, 19 text illustrations, 8 
plates. Quarto. 





LECTURES AND ANNOUNCEMENTS 


Prof. A. S. Bickmore announces the following programme 
for the second course of lectures to teachers, each lecture being 
given twice on successive Saturday mornings. It is hoped that 
the supply of coal will allow the course to begin on January 24 
and continue uninterruptedly. 

London — Westminster Abbey and Oxford University. 

Edinburgh and Glasgow. 

The Adirondack Park. 

Our Native Trees. 

The Board of Education lectures on Tuesday and Saturday 
evenings will be resumed about the middle of the month. 

Regular meetings of the New York Academy of Sciences will 
be held on Monday evenings throughout the month, and meet- 
ings of the New York Linnzan Society and the New York Ento- 
mological Society will be held on the usual Tuesday evenings. 
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ILLUSTRATIONS OF EVOLUTION AMONG FOSSIL 
MAMMALS. 


A.— Tue Horse. 


By W. D. Matruew, Ph.D., 


Associate Curator, Department of Vertebrate Paleontology. 


As a domestic animal the Horse is to be found almost every- 
where that man can live. He is spread all over the world — 
from torrid to arctic climates, in all the continents, in remote 
oceanic islands — he is completely cosmopolitan. But as a wild 
animal the Horse is at present limited to the Old World, and is 
found there only in the open arid or desert plains of Central Asia 
and Africa. There are two species in Asia, the Asiatic Wild Ass 
(Equus hemionus), and the little known Przewalsky’s Horse (E. 
przewalskit), while in Africa there are the African Wild Ass (E. 
asinus) and the several species of Zebra (E. zebra, E. burchelli, 
E. quagga). In the Americas and Australia there are no true 
wild horses, the mustangs and broncos of the Western Plains and 
South America being feral (domesticated animals run wild) and 
descended from the horses brought over from Europe by the early 
white settlers. When the Spaniards first explored the New 
World they found no horses on either continent. The Indians 
were quite unfamiliar with them and at first regarded the strange 
animal which the newcomers rode with wonder and terror, 
like that of the ancient Romans when Pyrrhus and his Greeks 
brought elephants—‘‘the huge earth-shaking beast’’t —to fight 
against them. 

The Horse is distinguished from all other animals now living 
by the fact that he has but one toe on each foot. Comparison 
with other animals shows that this toe is the third or middle 
digit of the foot. The hoof corresponds to the nail of a man or 
the claw of a dog or cat, and is broadened out to afford a firm, 
strong support on which the whole weight of the animal rests. 
Behind the ‘‘cannon-bone”’ of the foot are two slender little 


* Macaulay —‘‘ The Battle of Lake Regillus.” 
3 
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bones, one on each side, called splint-bones. These represent the 
second and-fourth digits of other animals, but they do not show 
on the surface, and there is nothing like a separate toe. So that 
the horse may be said to be an animal that walks on its middle 
finger-nail, all the other fingers having disappeared. 

The teeth of the horse are almost equally peculiar. The 
molars are long, square prisms which grow up from the gums 
as fast as they wear off on the crowns. Their grinding surface 
exhibits a peculiar and complicated pattern of edges of hard 
enamel between which are softer spaces composed of dentine and j 
of a material called *‘cement,’’ much like the dentine in quality 
but formed in a different way. The dentine is formed on the in- 
side surfaces of the enamel while the tooth is still within the jaw- 
bone; the cement is deposited on the outside surfaces of the 
enamel after the tooth has broken through the jaw-bone and 
before it appears above the gums. 

Various other peculiarities distinguish the Horse from most 
other animals; some of these are shared by other hoofed animals. 
The two long bones of the fore-arm (radius and ulna) are separate 
in the greater number of animals, but in the Horse, and in many 
other hoofed animals they are consolidated into a single bone. 
The same consolidation is seen in the bones of the lower leg (tibia 
and fibula). The lengthening of the foot and stepping on the end 
of the toe raises the heel in the Horse, as in many other animals, 
to a considerable height above the ground, where it forms the 
hock joint, bending backward, as the knee bends forward. In 
these as in various other ways the legs of the horse are especially 
fitted for swift running over hard and level ground, just as its teeth 
are for grinding the wiry grasses which grow on the open plain. 

The Zebra and the Ass have the same peculiar structure of 
teeth and feet as the Domestic Horse, and differ only in the color 
of the skin, proportions of various parts of the body etc. 
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Fossit Horses oF THE AGE OF MAN. 


The Age of Man, or Quaternary Period, is the last and by far 
the shortest of the great divisions of geological time. It includes 
the Great Ice Age or Glacial epoch (Pleistocene), when heavy 
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continental glaciers covered the northern parts of Europe and 
North America, and the Recent Epoch, of more moderate climate 
during which civilization has arisen. 

In the early part of the Quaternary Period, wild species of 
Horse were to be found on every continent except Australia. 
Remains of these true native horses have been found buried in 
strata of this age in all parts of the United States, in Alaska, in 
Mexico, in Ecuador, Brazil and Argentina, as well as in Europe, 
Asia and Africa. All these horses were much like the living spe- 
cies and most of them are included in the genus Equus. A 
complete skeleton of one of them (Equus scott) found by the 
American Museum expedition of 1899 in Northern Texas, is 
mounted in the large wall-case. The difference between it and 
the Domestic Horse (see framed diagram of modern horse skel- 
eton) is chiefly in proportions, the skull shorter with deeper jaws, 
the legs rather short and feet small in proportion to the body. 
In these characters this fossil horse resembles an overgrown 
zebra rather than a domestic horse. We know nothing of its 
coloring. It may have been striped, and in this case would have 
been very zebra-like; but there are some reasons for believing 
that it was not prominently striped. The bones are petrified, 
brittle and heavy, the animal matter of the bone having entirely 
disappeared and having been partly replaced by mineral mutter. 
They are not much changed in color, however, and are so per- 
fectly preserved that they look almost like recent bone. 

All the remains of these native horses which have been found 
in America have been petrified more or less completely; this 
means that they have been buried for many thousands of years, 
for petrifaction is an exceedingly slow process.'. It serves as an 
easy method of distinguishing them from bones of the Domestic 
Horse, found buried in the earth. These cannot in any case 
have been buried for more than four or five centuries, and have 
not had time to petrify. 

Remains of these fossil horses from various parts of the 
United States are shown in the counter-case. One very rich 


™ The so-called petrifaction which occurs in some hot springs, coating 
objects dipped into them with a white, stony coat of lime is not true petrifaction. 
In true petrifaction the substance of the bone is replaced particle by particle 
with mineral matter. 
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locality is on the Niobrara river in Nebraska, another in central 
Oregon. Many separate teeth and bones have been found in the 
phosphate mines near Charlestown, S. C.; other specimens have 
come from central Florida, from southern Texas, Arizona, Kan- 
sas, Louisiana and even from Alaska. They are, in fact, so 
often found in deposits of rivers and lakes of the latest geological 
epoch (the Pleistocene) that the formation in the western United 
States has received the name of Equus Beds. 

In South America, in strata of the Pleistocene Epoch, there 
occurs, besides several extinct species of the genus Equus, the 
Hippidium, a peculiar kind of Horse characterized by very short 
legs and feet, and some peculiarities about the muzzle and the 
grinding teeth. The legs were hardly as long as those of a cow, 
while the head was as large as that of a racehorse or other small 
breed of the Domestic Horse. 

All these horses became extinct, both in North and South 
America. Why, we do not know. It may have been that they 
were unable to stand the cold of the winters, probably longer 
continued and much more severe during the Ice Age than now. 
It is very probable that man — the early tribes of prehistoric 
hunters — played a large part in extinguishing the race. The 
competition with the bison and the antelope, which had recently 
migrated to America — may have made it more difficult than 
formerly for the American Horse to get a living. Or, finally, 
some unknown disease or prolonged season of drought may have 
exterminated the race. Whatever the cause, the Horse had dis- 
appeared from the New World when the white man invaded it 
(unless a few individuals still lingered on the remote plains of 
South America), and in his place the bison had come and spread 
over the prairies of the North. 

In Central Asia, two wild races persist to the present day; 
others were domesticated by man in the earliest times, and their 
use in Chaldza and Egypt for draught and riding is depicted in 
the ancient mural paintings. In Africa the larger species became 
extinct in prehistoric times, as in America, but the smaller zebras 
still survive in the southern part of the continent (one species, 
the Quagga, abundant fifty years ago, is now probably extinct), 
and the African Wild Ass is found in the fauna of the northern 
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part. The Wild Horse of prehistoric Europe, a small race, 
short-legged and shaggy-haired, was domesticated by man, a fact 
that is known from the rude drawings scratched on bone or ivory 
by men of the Neolithic or Polished Stone Age. But the Domes- 
tic Horse now in use is derived chiefly from the Asiatic race, al- 
though it is probable that in some breeds there is a considerable 
strain of this shaggy, short-legged European race, and it is pos- 
sible also that African races may have been domesticated and to 
some extent mixed with the Asiatic species. The domesticated 
Ass is a descendant of the African species. 


THE EVOLUTION OF THE HORSE. 


The history of the evolution of the Horse through the Ter- 
tiary period or Age of Mammals affords the best known illustra- 
tion in existence of the doctrine of evolution by means of natural 
selection and the adaptation of a race of animals to its environ- 
ment. The ancestry of this family has been traced back to 
nearly the beginning of the Tertiary without a single important 
break. During this long period of time, estimated at nearly 
three millions of years, these animals passed through important 
changes in all parts of the body, but especially in the teeth and 
feet, adapting them more and more perfectly to their particular 
environment, namely the open plains of a great plateau region 
with their scanty stunted herbage, which is the natural habitat 
of the Horse. 

In the series of ancestors of the Horse we can trace every step 
in the evolution, of those marked peculiarities of teeth and feet 
which distinguish the modern Horse from an ancestor which so 
little suggests a horse that, when its remains were first found 
forty years ago, the animal was named by the great palzontologist 
Richard Owen, the Hyracothertum or ‘‘Coney-like Beast.” Its 
relation to the Horse was not at that time suspected by Professor 
Owen, and was recognized by scientific men only when several of 
the intermediate stages between it and its modern descendant 
had been discovered. Onthe other hand this first ancestor of the 
Horse line is very difficult to distinguish from the contemporary 
ancestors of tapirs and rhinoceroses, and indicates how all the 
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modern quadrupeds have diverged from a single type, each be- 
coming adapted to the needs of its especial mode of life. 

The earliest known ancestors of the Horse were small animals 
not larger than the domestic cat, with four complete toes on each 
forefoot and three on each hindfoot. There is reason to believe 
that the still more ancient ancestors of this and all other mam- 
mals had five toes on each foot. In the forefoot of the earliest 
known stage we find a splint-bone or small, slender rudiment rep- 
resenting the missing first digit or thumb, which no longer ap- 
pears on the surface of the foot, while in the hindfoot there is a 
similar rudiment representing the outer or fifth digit, but no 
trace is left of the innermost or first digit. The proportions of 
the skull, the short neck and arched back and the limbs of moder- 
ate length, were very little horse-like; recalling, on the contrary, 
some modern carnivorous animals, especially the civets (Viver- 
ride). The teeth were short-crowned and covered with low 
rounded knobs of enamel, suggesting those of monkeys and of 
pigs or other omnivorous animals, but not at all like the long- 
crowned complicated grinders of the Horse. 

Commencing with the Hyracotherium, twelve stages have been 
recognized from as many successive formations, showing the 
gradual evolution of the race into its modern form, and each stage 
is characteristic of its particular geological horizon. Some of the 
stages have been found in several parts of the world, but by far 
the most complete and best known series comes from the Tertiary 
Badlands of the Western States. Besides the main line of de- 
scent which led into the modern horses, asses and zebras, there 
were several collateral branches which have left no descendants. 
Of some stages all parts of the skeleton have been found; of others 
only the jaws, or jaws and feet, are known. We can mention 
only the more important stages. 

1 and 2.'  Hyracotherium and Eohippus. Lower EOcENE. 
The Hyracotherium is the most primitive stage known, but only 
the skull has been found, so that it has not been determined 
exactly what the feet were like. The teeth display six rounded 
knobs or cusps on the upper molars and four on the lower ones, 


1 These numbers refer to the stages in the direct line of descent of the 
modern Horse; see frontispiece. 
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EVOLUTION OF THE HORSE 15 


and these are just beginning to show signs of fusing into cross- 
crests. The premolar teeth have only one main cusp, except the 
third and fourth premolars (next the molars) in each jaw, which 
have two and three, respectively. The only specimens which 
have been found were in the London Clay or Lower Eocene of 
England and are preserved in the British Museum. 

The Eohippus is much better known. It comes from the Lower 
Eocene of Wyoming and New Mexico, and is very like the Hy- 





FIG. 1.—UPPER AND LOWER TEETH OF “ EOHIPPUS,”? FROM 
THE LOWER EOCENE OF WYOMING. NATURAL SIZE 


racotherium except that the molar teeth have the cusps more 
clearly fusing into cross-crests, and the last premolar is begin- 
ning to look like one of the true molars. The forefoot of this 
animal has four complete toes and the splint of a fifth. The 
hindfoot has three complete toes and the splint of another. A 
specimen of the hindfoot is shown in the series in the A-case and 
many incomplete specimens, skulls, jaws etc., of several species 
in the counter-case. 

3 and 4. Protorohippus and Orohippus. MIDDLE EOCENE. 
In these animals the splint of the first digit in the forefoot and 
the splint of the fifth digit of the hindfoot have disappeared, but 
there are still four complete toes in the fore- and three in the hind- 
foot. The crests on the molars are a little clearer and the last 
premolar has become almost like the molars, while the next to 
the last premolar is beginning to become so. A skeleton of 
Protorohippus is mounted in the wall-case. It shows an-animal 
of the size of a small dog, and proportioned much like the breed 
known as the whtppet, of which a skeleton has been placed near by 
for comparison with the Protorohtppus skeleton. The Protoro- 
hippus was found by Dr. J. L. Wortman in 1880 in the Wind 
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River Badlands of Wyoming, and was described by Professor 
Cope and others under the name of the ‘‘ Four-Toed Horse.”’ 

Of Orohtppus we have only parts of jaws and teeth. A 
specimen of the forefoot is exhibited in the Museum of Yale 
University. 

5. Epihippus. Upper Eocene. Of this stage of the evolu- 
tion of the Horse only incomplete specimens have been found. 
The molar teeth have the once round cusps almost completely 
converted into crescents and crests, while another tooth of the 
premolar series has become like the molars. The toes are still four 
in the forefoot and three in the hindfoot, but the central toe in 
each foot is becoming much larger than the side toes, a feature 
which may be seen in the hindfoot shown in the series in the case. h 
(This species happens to be somewhat smaller than those found , 
in the Middle Eocene stage, but no doubt there were others of 

| larger size living at the same time.) 

Paleotherium and Paloplotherium of the Upper Eocene of 

Europe form a side branch of the Horse line. They were very 

abundant in Europe, but have not been found in. the New World. 
On each foot they had three toes of nearly equal size, and the 
teeth show a rather peculiar pattern. One of these animals was 
thought by Professor Huxley to be a direct ancestor of the Horse, 
but it now is considered to be merely a collateral relative. Some 
species of Paleotherium were of large size, equaltoatapir. They 
were first described in the year 1804 by the celebrated Baron 
Cuvier from remains found in the gypsum quarries of Mont- 
martre, Paris. A large series of skulls, jaws, foot-bones etc., 
from the Upper Eocene of France, is exhibited in one of the 
counter-cases. 

6and 7. Mesohippus. OLIGOCENE (White River Formation). 
In this stage there are three toes on each foot, a splint represent- 
ing the fifth digit of the forefoot of the Eocene ancestors. The 
middle toe is now much larger than the side toes, which bear very 
little of the weight of the animal. Three of the premolars have 
now become entirely like the molar teeth, the crests on the 
crown are completely formed, and the outside crest in the upper 
molars has taken the shape of two crescents. In the Middle Oli- 
gocene is found Mesohtppus bairdi about the size of a coyote, 
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while in the Upper Oligocene occurs Mesohtppus intermedius as 
large asa sheep. Of both these animals all parts of the skeleton 
are known, and a good series of skulls, feet, jaws, palates etc. is 


FIG. 2.—UPPER AND LOWER TEETH OF “ MESOHIPPUS BAIRDI,” 
FROM THE MIDDLE OLIGOCENE OF SOUTH DAKOTA. NATURAL SIZE 


exhibited in the counter-case, besides the specimens shown in the 
series of feet and in the series of skulls. 

8. Anchitherium. Lower MioceNE. This stage has been 
found both in Europe and in America. It is much like its prede- 
cessor, but is larger and has the crests of the teeth somewhat 
higher and more complete. It probably is not in the direct line of 
descent of the horses, but is on a side branch. A palate, jaws, 
teeth and foot-bones are exhibited here. 

9. Parahippus and Hypohippus. MippLe Miocene. In Par- 
ahtppus the tooth-crests are much higher, and the transverse 
ridges on the upper molars are beginning to change shape so as to 
become a second pair of crescents inside the outer pair. Hypo- 
hippus is off the direct line of descent; its teeth are like those of 
Anchitherium, by which name it has been generally called, but 
the animal was much larger, equalling a Shetland pony in size. A 
complete skeleton of the Hypohtppus is shown in wall-case 15, 
and illustrates very well the general characters of the Three-Toed 
Horses, although it is not in the direct line. This specimen was 
found near Pawnee Buttes, Colorado, in r901 by Barnum Brown, 
of the Whitney expedition. Other incomplete specimens of 
Hypohippus, Parahtppus and Merychippus are shown in the 
counter-case, and casts of the feet and skull in the evolution se- 
ries in A-Case 49. It may be observed that in the forefoot of 
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Hypohippus small rudiments still remain representing the first 
and fifth digits, but there is no splint of the fifth, asin Mesohtppus. 
The second and fourth digits still touch the ground, though lightly. 
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FIG. 3.—UPPER MOLAR OF MODERN HORSE, SHOWING EARLY STAGES 
OF WEAR OF THE TOOTH. CROWN VIEW. NATURAL S'ZE 


The feet of Parahippus were much like those of Hypohippus, but 
the side toes were smaller. 
10 and 11. Protohippus and Pliohippus. MippLE and 
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Upper Miocene. In this stage the crowns of the upper molars 
have become much longer, the two pairs of crescents on the upper 
molars are complete, with two half-separated cusps within the 
inner pair. And the valleys between the crests have become 
filled with cement, so that with the wear of the teeth the edges of 
hard enamel are backed inside by dentine and outside by cement. 
In this way the surface of the tooth has a series of enamel ridges 
always projecting a little above the grinding surface, because the 
softer material on each side wears down into hollows, yet never 
breaking off, because they are braced so thoroughly on each side. 
This is a very efficient instrument for grinding hard grasses. In 
Protohtppus and Pliohippus, especially in the former, the crowns 
of the teeth are by no means as long as in the modern horses; 
they must therefore wear more slowly or wear out at an earlier 
age. 

The feet in these two genera have but one toe touching the 
ground. The side toes (second and fourth digits) are complete, 
but much more slender than in the earlier stages and are ap- 
parently useless, as they cannot reach the ground. In some 
species of Pliohtppus they have almost disappeared. The fore- 
foot of Protohippus still retains tiny nodules of bone at the back 
of the ‘‘wrist’”’ (sometimes improperly called in the Horse the 
““knee-joint”’), which are the remains of the first and fifth digits. 

Hipparion. PLIocENE. This genus, probably also a side 
branch of the genealogical tree of the horse family, is much like 
Protohippus, but larger and with more complication about the 
tooth pattern. It is common in the European Pliocene beds and 
has been found in America also. The feet are still three-toed, 
the side toes as large as those of the older Protohippus. 

12. Equus. PLEISTOCENE and Recent. In this stage, 
that of the modern Horse, the side toes have entirely disappeared 
and are represented by splints on the-fore- and hind-foot. No 
trace remains on the forefoot of the little nodules which in Proto- 
hippus represented the first and fifth digits. The crowns of the 
teeth are much longer than in the last stage, and of the two half- 
separated inner columns on the upper molars, one has disap- 
peared, the other has increased in size and changed in form. 
The skull has lengthened and the animal is much larger. 
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Hippidium. PLEISTOCENE. SoutH America. The feet are 
like those of kquus, except that they were short and stout. The 
teeth are like those of Pliohtppus, from which it is supposed to be 
descended. The skull is large and long with very long slender 
nasal bones. Casts of the skull and limbs presented by the 
Museo Nacional of Buenos Ayres, Argentine Republic, are ex- 
hibited here. 


MEANING OF THE CHANGE IN FEET AND TEETH. 


Along with the disappearance of the side toes in the evolution 
of the Horse there is a considerable increase in the proportionate 
length of the limbs, and especially of the lower part of the leg and 
foot. The surfaces of the joints, at first more or less of the ball- 
and-socket kind, which allows free motion of the limb in all direc- 
tions, become keeled and grooved like a pulley-wheel, permitting 
free motion forward and backward, but limiting the motion in 
all other directions and increasing considerably the strength of 
the joint. By this means the foot is made more efficient for 
locomotion over a smooth regular surface, but less so for travel- 
ing over very rough ground, and it becomes of little use for 
striking or grasping or the varied purposes for which the feet of 
polydactyl animals are used. 

The increased length in the lower leg and foot increases the 
length of the stride without decreasing its quickness. The 
heavy muscles of the leg are chiefly in the upper part, and to in- 
crease the length of the lower part changes the centre of gravity 
of the limb very little. Consequently the leg swings to and fro 
from the socket nearly as fast as before, since in an ordinary 
step the action of the leg is like that of a pendulum and the 
speed of the swing is regulated by the distance of the centre of 
gravity from the point of attachment, as that of a pendulum is 
by the height of the bob. To increase the length of lower leg 
and foot therefore gives the animal greater speed; but it puts 
an increased strain on the ankles and toe-joints, and these must 
be strengthened correspondingly by converting them from ball- 
and-socket joints to “ginglymoid”’ or pulley joints. Additional 
strength, likewise at the expense of flexibility, is obtained by 
the consolidation of the two bones of the fore-arm (ulna and 





FIG. 4.—PALATE AND UPPER TEETH OF “EQUUS INTERMEDIUS,” FROM 
THE LOWER PLEISTOCENE OF TEXAS. ONE-THIRD NATURAL SIZE 
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radius) and of the leg (tzbza and fibula) into one, the shaft of the 
smaller bone practically disappearing, while its ends become 
fused solidly to its larger neighbor. 

The increase in length of limb renders it necessary for the 
grazing animal that the head and neck should increase in length 
in order to enable the mouth to reach the ground. An example 
of these changes is the modern Horse, in which we find the neck 
and head much elongated when compared with the little Hyra- 
cothertum and this elongation has taken place pari passu with the 
elongation of the legs. The reduction and disappearance of the 
side toes and the concentration of the step on the single central 
toe serve likewise to increase the speed over smooth ground. The 
soft yielding surface of the polydactyl foot is able to accommo- 
date itself to a rough irregular surface, but on smooth ground 
the yielding step entails a certain loss of speed. A somewhat 
similar case is seen in the pneumatic tire of a bicycle; a “‘soft”’ 
tire accommodates itself to a rough road and makes easier riding, 
but a “hard”’ tire is faster, especially on a smooth road. Simi- 
larly, the hard, firm step from the single toe allows of more speed 
over a smooth surface, although it compels the animal to pick its 
way slowly and with care on rough, irregular ground. 

The change in the character of the teeth from ‘‘ brachydont”’ 
or short-crowned to “hypsodont” or long-crowned enables the 
animal to subsist on the hard, comparatively innutritious 
grasses of the dry plains, which require much more thorough 
mastication before they can be of any use as food than do the 
softer green foods of the swamps and forests. 

All these changes in the evolution of the Horse are adapta- 
tions to a life in a region of the level, smooth and open grassy 
plains which are now its natural habitat. At first the race was 
better fitted for a forest life, but it has become more and more 
completely adapted to live and compete with its enemies or 
rivals under the conditions which prevail in the high dry plains 
of the interior of the great continents. The great increase in 
size, which has occurred in almost all races of animals whose evo- 
lution we can trace, is dependent on abundance of food. A 
large animal, as may be shown on ordinary principles of me- 
chanics, requires more food in proportion to its size than does a 
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small one, in order to keep up a proper amount of activity. On 
the other hand a large animal is better able than a small one to 
defend itself against its enemies and rivals. Consequently, as 
long as food is abundant, the larger animals have the advan- 
tage over their smaller brethren, and by the laws of natural se- 
lection the race tends to become continually larger until a limit 
is reached, when sufficient food becomes difficult to obtain, the 





RESTORATION OF THE FOUR-TOED HORSE 


Oldest known Ancestor of the Modern Horse; only 16 inches high 
Photo from original watercolor by C. R. Knight, based on mounted skeleton in 
American Museum 


animal being compelled to devote nearly all its time to getting 
enough to eat. 


CAUSE OF THE EVOLUTION. 


The evolution of the Horse, adapting it to live on the dry 
plains, probably went hand in hand with the evolution of the 
plains themselves. At the commencement of the Age of Mam- 
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mals the western part of the North American continent was by 
no means as high above sea-level as now. Great parts of it had 
but recently emerged and the Gulf of Mexico still stretched far 
up the valley of the Mississippi. The climate at that time was 
probably very moist, warm and tropical, as is shown by the 
tropical forest trees, found fossil even as far as Greenland. Such 
a climate, with the low elevation of the land, would favor the 
growth of dense forests all over the country, and to such condi- 
tions of life the animals of the beginning of the mammalian 
period must have been adapted. During the Tertiary the con- 
tinent was steadily rising above the ocean-level, and at the same 
time other influences were at work to make the climate continu- 
ally colder and drier. The coming on of a cold, dry climate re- 
stricted and thinned the forests and caused the appearance and 
extension of open, grassy plains. The ancient forest inhabitants 
were forced either to retreat and disappear with the forests, or to 
adapt themselves to the new conditions of life. The ancestors of 
the Horse, following the latter course, changed with the changing 
conditions, and the race became finally as we see it to-day, one of 
the most highly specialized of animals in its adaptation to its 
peculiar environment. At the end of the Age of Mammals the 
continents stood at a higher elevation than at present, and there 
was a broad land connection between Asia and North America, as 
well as those now existing. At this time the Horse became 
cosmopolitan, and inhabited the plains of all the great continents, 
excepting Australia. 

It is a question whether the direct ancestry of the modern 
Horse is to be searched for in Western America or in the little 
known interior plains of Eastern Asia. It is also unknown why - 
the various species which inhabited North and South America 
and Europe during the early part of the Age of Man should have 
become extinct, while those of Asia (Horse and Wild Ass) and of 
Africa (Wild Ass and Zebra) still survive. Man, since his appear- 
ance, has played an important part in the extermination of the 
larger animals; but there is nothing to show how far he is re- 
sponsible for the disappearance of the native American species 
of horse. 
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_ PARALLEL EVOLUTION IN OTHER RACES. 


It is interesting to observe that while the evolution of the 
Horse was progressing during the Tertiary period in North 
America another group of hoofed animals, the Litopterna, now 
extinct, in South America evolved a race adapted to the broad 
plains of Argentina and Patagonia and singularly like the Horse 
in many ways (see exhibit in A-case in centre of hall). These 
animals likewise lost the lateral toes one after another, and con- 
centrated the step on the central toe; they also changed the form 
of the joint-surfaces from ball-and-socket to pulley-wheel joints; 
they also lengthened the limbs and the neck; and they also 
lengthened the teeth, and complicated their pattern. Unlike the 
true Horse, they did not form cement on the tooth, so that it was 
by no means so efficient a grinder. This group of animals native 
to South America became totally extinct, and were succeeded by 
the horses, immigrants from North America, which in their turn 
became extinct before the appearance of civilized man. 

Many of the contemporaries of the Horse in the northern 
hemisphere were likewise lengthening the limbs, lightening and 
strengthening the feet, elongating the tooth-crowns to adapt 
themselves to the changing conditions around them, but none 
paralleled the Horse Evolution quite so closely as did the pseudo- 
horses of South America. But the camels in America, the deer, 
antelope, sheep and cattle in the Old World progressed on much 
the same lines of evolution, although their adaptation was not to 
just the same conditions of life. 
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